To examine the long-term association between the amount and type of alcohol consumed and subsequent high waist circumference. DESIGN: Prospective population study with baseline assessment of alcohol intake, body mass index, smoking habit, physical activity, education, income and deliveries, and after 10 y, examination of waist circumference. SUBJECTS: A sample of 2916 men and 3970 women aged 20-83 y from Copenhagen City Heart Study, Denmark. MEASUREMENTS: A large waist circumference defined as a waist circumference more than 102 cm in men and 88 cm in women. RESULTS: The odds ratios of having a high waist circumference after 10 y showed a linear increase in both men and women, and they were 1.65 (95% confidence interval (CI) 1.07-2.55) in men and 2.16 (0.86-5.14) in women who drank more than 28 beverages per week of total alcohol compared to those who drank one to six beverages per week. Men drinking more than 21 beers per week had odds ratio of having a large waist circumference after 10 y of 1.63 (0.99-2.67) and women drinking more than 14 beers per week had odds ratio of 2.53 (0.92-6.34), compared to men and women who drank no beer. Also for spirits, there was an increase in both men and women. No linear trend was found for wine in either men or women. CONCLUSIONS: Moderate-to-high consumption of alcohol and of beer and spirits was associated with later high waist circumference, whereas moderate-to-high wine consumption may have the opposite effect.
Introduction
A number of cross-sectional studies have assessed the relation between alcohol and high waist circumference. The results, however, are inconclusive. Some found a positive association, [1] [2] [3] [4] [5] whereas others found a negative or no association between alcohol and abdominal adiposity in both men and women. [6] [7] [8] A few cross-sectional studies have examined the relation between different types of alcohol measures and high waist circumference. They found a positive association of the waist-to-hip ratio with beer and spirits, 9, 10 and a negative association between wine consumption and waist-to-hip ratio. 10 On the contrary, another study suggested that drinking wine did not seem to protect from increasing abdominal fat accumulation. 4 Only a few studies have examined the association between total alcohol consumption and obesity on a prospective basis. Some studies showed that men consuming alcohol had developed a higher body weight than did non-consumers, and women showed the opposite or no association. 11, 12 These studies have considered neither type of alcohol nor waist circumference.
Our aim is, in a large population-based study, to examine the relations between both total alcohol intake and different types of alcoholic drinks and waist circumference after 10 y.
Population and methods

Subjects
The study population comprised participants in the Copenhagen City Heart Study, which included an age-stratified sample of 19 698 men and women aged 20 y or more living in the area surrounding the Copenhagen State Hospital. Between March 1976 and March 1978, 14 223 subjects were examined (response rate of 72%), 6456 men and 7668 women. Five years after the initial examination, between April 1981 and September 1983, the original study population, supplemented with a new cohort of 500, 20 to 24-y-old men and women, were invited to attend the second examination. Of this population, 12 698 were examined (response rate of 70%) of which 5680 were men and 7018 women. At the third examination, between 1991 and 1994, the original study population still alive at that time was invited again and 10 135 individuals were examined (response rate of 61%), 4437 men and 5698 women.
The present analysis concerns a sample of 6886 subjects, 2916 men and 3970 women, who attended both the second and third examination and who contributed with complete information on the variables of interest.
Examination procedure
The subjects filled in a self-administered questionnaire concerning various health-related issues, including alcohol consumption, smoking habits, physical activity, school education, household income, and deliveries.
Alcohol consumption Subjects were asked about the average weekly number of drinks of beers, wine, and spirits. One bottle of beer contains 12 g of alcohol, and this may be considered the average for the other types of drinks. The subjects were categorised according to their total alcohol consumption in seven groups: (1) less than one drink per week, (2) one to six drinks per week, (3) seven to 13 drinks per week, (4) 14-27 drinks per week, (5) 28-41 drinks per week, (6) 42-69 drinks per week, and (7) more than 69 drinks per week. The distribution of beer-, wine-and spirits consumption allowed categorisation in only five groups: (1) less than one drink per week, (2) one to six drinks per week, (3) seven to 13 drinks per week, (4) 14-27 drinks per week, and (5) more than 27 drinks per week. Owing to a small number of subjects in the highest alcohol consumption groups, the number of groups of total alcohol intake was reduced to five (the highest being Z28 beverages per week) for both men and women. The number of groups of the three different alcoholic types was maintained at five for men (the highest being Z21 per week) and reduced to four for women (the highest being Z14 beverages per week).
Smoking habits
The subjects reported if they had never smoked or were former or current smokers. In current smokers tobacco consumption was calculated by equating a cigarette to 1 g tobacco, a cheroot to 3 g tobacco, and a cigar to 5 g tobacco. For this analysis five groups were defined: (1) those who never smoked, (2) those who gave up smoking, (3) those who smoked 1-14 g a day, (4) those who smoked 15-24 g a day, and (5) those who smoked more than 24 g a day.
Physical activity The subject reported their physical activity during leisure time categorised into four groups. Owing to a small number of subjects in the most active groups, three groups were defined: (1) None or very little, (2) less than 4 h per week, and (3) more than 4 h per week.
Education Subjects reported of the years they went to school, and three groups of educational levels were defined: (1) 0-7 y, (2) 8-11 y, and (3) 12 or more years of school education.
Income Three groups of self-reported income levels were defined at second examination: (1) less than 84 000 DKK, (2) 84 000-192 000 DKK, and (3) more than 192 000 DKK.
Deliveries Women reported the number of deliveries. Three groups were defined: (1) no deliveries, (2) 1-2 deliveries, and (3) more than 2 deliveries.
Anthropometrics Weight in light clothes and height without shoes were measured at both examinations, and from these the body mass index was calculated as weight (kg) divided by the height (m) squared. Waist circumference (cm) at the level of the umbilicus with the subject standing without clothes on and relaxed breathing. Waist circumference was only measured at the third examination.
Statistical analysis
The purpose of the analysis was to estimate odds ratios for having a high waist circumference after 10 y in a logistic regression analysis, and to estimate mean values of waist circumference in a multiple linear regression analysis, with regard to the amount and type of alcohol consumption, while considering potential confounding. Logistic regression analysis used waist circumference, dichotomised at preselected cutoff (102 cm in men and 88 cm in women) as response variable. 13 Linear regression analysis used waist circumference as continuous response variable. All analyses were carried out separately for the two genders.
The following covariates were added to the models: body mass index, age, smoking, physical activity in leisure time, school education, income and, for women, deliveries. Body mass index was used as a continuous variable, whereas age was divided into: 20-34 y (reference), 35-44 y, 45-54 y, 55-59 y, 60-64 y, and more than 65 y. The Waist circumference in relation to Alcohol: Copenhagen City Heart Study ES Vadstrup et al reference group was defined as those drinking one to six beverages per week in the analysis of the effect of total alcohol, but to less than one beverage per week in the analysis of the effect of beer, wine, and spirits. This was done because 'nondrinkers' of total alcohol may comprise a large fraction of life-long nondrinkers (teetotallers), who are known to differ from occasional drinkers, with regard to a large number of lifestyle factors.
14 On the other hand, nondrinkers of one type of alcohol are likely to drink another type of alcohol. A final model included body mass index at both baseline and after 10 y and all the categorical covariates at baseline, and this model was used in all analyses. The analysis of alcohol types included intakes of beer, wine and spirits in the same model. w 2 test for linear trend was based on the mean values for alcohol intake within the intervals. All statistical analyses were done by using SAS computer software. 15 Significance level of 5% was used, and the estimated odds ratios were presented with 95% CI.
Results
Men drank more beer and spirits than women while wine intake was the same. Heavy drinkers had higher body mass index, were more likely to smoke, and were less physically active than moderate and nondrinkers (Table 1) . In the present sample, the median alcohol consumption was 10 drinks per week for men (range 0-159) and 2 drinks per week for women (range 0-78). Most alcohol was drunk as beer in men (62% of total alcohol consumption), followed by wine (20%) and spirits (18%), but in women most alcohol was drunk as wine (51%), followed by beer (28%) and spirits (21%).
Median values for waist circumference were 96 cm for men (range 59-155 cm) and 82 cm for women (range 54-150 cm). A total of 30% of men had a waist circumference of 102 cm or more and 34% of women had a waist circumference of 88 cm or more (Table 2 ). There was non-linear relation between age and waist circumference, which is the reason why it is included as a categorical variable in all analyses. Waist circumference in relation to Alcohol: Copenhagen City Heart Study ES Vadstrup et al
Total alcohol consumption and high waist circumference The departure in mean waist circumference values from those of the reference group of drinkers of 1-6 beverages per week showed that men and women drinking large amounts of alcohol had a larger waist circumference after 10 y (Table 3) . A highly significant linear trend was found for both genders (Po0.0001).
Men with a high alcohol intake had significantly increased risks of a high waist circumference, compared to the reference group (drinkers of 1-6 beverages per week). Thus, those with an intake of 14-27 beverages per week had an odds ratio of 1.50 (95% CI 1.03-2.18) and those who had an intake of more than 28 beverages per week had an odds ratio of 1.65 (95% CI 1.07-2.55)) (Figure 1a) . A significant linear trend was found (P ¼ 0.019). In women, the odds ratio for having a large waist circumference after 10 y was higher in women who drank, 10 y earlier, 14-27 beverages per week and more than 28 beverages per week (1.20 (95% CI 0.79-1.82) and 2.16 (95% CI 0.86-5.14)), compared to the reference group (Figure 2a ). There was a linear trend (P ¼ 0.008).
Beer consumption and high waist circumference
The mean values of waist circumference by beer consumption showed an increase in waist circumference after 10 y in the highest consumption groups in both genders (Table 3) . A significant linear trend was found in both men and women (Po0.05).
Men who drank 14-20 beers per week and more than 21 beers per week had higher odds ratios 1.15 (95% CI 0.69-1.90) and 1.63 (95% CI 0.99-2.67) of having a large waist circumference after 10 y, compared to the reference group of drinkers of less than one beer per week (Figure 1b) . A Waist circumference in relation to Alcohol: Copenhagen City Heart Study ES Vadstrup et al significant linear trend was found (P ¼ 0.019). For women, all groups had higher odds ratios of having a large waist circumference after 10 y, when compared with the reference group. Women who drank more than 14 beers per week had odds ratio 2.53 (95% CI 0.92-6.34) of having a large waist circumference after 10 y (Figure 2b ). There was a linear trend (P ¼ 0.010).
Wine consumption and high waist circumference
The deviations in mean values of waist circumference by wine consumption for men were fluctuating, and no linear trend was found. For women, almost no association was found for wine drinkers (Table 3) . However, there was a tendency of having a lower waist circumference after 10 y among men and women who consumed a large amount of wine. Contrary to total alcohol and beer consumption, the odds ratios for having a large waist circumference after 10 y in men who drank 14-20 glasses of wine per week and more than 21 glasses of wine per week were lower (0.88 (95% CI 0.39-1.94) and 0.49 (95% CI 0.10-1.84)) than in the reference group (Figure 1c) . Women who drank more than 14 glasses of wine per week also had lower odds ratio 0.88 (95% CI 0.44-1.69) of having a large waist circumference after 10 y than in the reference group (Figure 2c ). No Waist circumference in relation to Alcohol: Copenhagen City Heart Study ES Vadstrup et al significant linear trend was found in either men or women (P ¼ 0.63 and 0.88).
Spirits consumption and high waist circumference
The mean values of waist circumference by spirits consumption were higher in men who drank more than 28 beverages per week, and considerably higher in women who drank more than 14 beverages per week, compared to the reference group (Table 3) .
Odds ratio for having a large waist circumference after 10 y in men who drank 7-13 glasses of spirits per week and 14-20 glasses per week was higher (1.37 (95% CI 0.84-2.22) and 1.89 (95% CI 0.81-4.36)) than in the reference group ( Figure  1d ). Women had significantly higher odds ratio for having a large waist circumference after 10 y when drinking more than 14 glasses of spirits per week to 3.12 (95% CI 1.12-8.52), compared to the reference group (Figure 2d) . No significant linear trend was found in either men or women (P ¼ 0.28 and 0.15).
Discussion
In this study, we found that a high alcohol intake was positively associated with high waist circumference after ten years in both men and women. However, we found large differences in the relation between different types of alcohol and waist circumference. Hence, while beer seemed to imply an increased risk of a later high waist circumference, wine seemed to imply the contrary. Also, beer consumption showed a dose-dependent positive relation with later high waist circumference in both men and women. The relation between wine consumption and waist circumference suggests a beneficial effect of consuming a moderate-to-large amount of wine on high waist circumference after 10 y, Figure 1 (a-d) Odds ratio for men having a waist circumference larger than 102 cm in relation to weekly total alcohol, beer, wine, and spirits consumption.
Adjusted for age, body mass index at baseline and follow-up, smoking, physical activity in leisure time, education, income, and other types of alcohol.
Waist circumference in relation to Alcohol: Copenhagen City Heart Study ES Vadstrup et al especially in men. Moderate-to-large spirits consumption seems to be positively associated with subsequent high waist circumference in both men and women, but considering the large CI this result is questionable.
The findings support some of the existing cross-sectional studies concerning total alcohol consumption and high waist circumference estimated by waist-to-hip ratio. 1, 4, 5, 9 However, this present study considers the relation between the amount and type of alcohol and high waist circumference measured as waist circumference after 10 y. In spite of the adjustment for both current and previous BMI, the waist circumference may reflect both intra-abdominal fat mass as well as, to some degree, total fat mass.
Recent research illustrates that waist circumference may have certain advantages over other measurements of adiposity in predicting risk of obesity-related diseases. 16 It is simpler, it relates strongly to health risks, and it is not affected by height. Han et al showed a close relationship between waist circumference and cardiovascular risk factors. 17, 18 A recent study showed that the sensitivity and specificity of waist circumference were higher in predicting hypertension, dyslipidemia and diabetes compared to body mass index, and that waist circumference were consistently more accurate. 19 Furthermore, waist circumference represents a strong predictor of intra-abdominal fat volume measured by computerised tomography or magnetic resonance imaging. 20, 21 In the present study, waist circumference was measured 10 y after baseline, but not at baseline. A question is whether or not high waist circumference is a stable condition. In a separate examination in 1998-2000, a random sample included 323 subjects who attended an examination in 1991-94. In this study, the Spearman correlation coefficient between waist circumferences adjusted for body mass index at both examinations was 0.70, which clearly suggests that high waist circumference is a condition that varies over time (C Holst and TIA Srensen, personal communication). Figure 2 (a-d) Odds ratio for women having a waist circumference larger than 88 cm in relation to weekly total alcohol, beer, wine, and spirits consumption.
Adjusted for age, body mass index at baseline and follow-up, smoking, physical activity in leisure time, education, income, deliveries, and other types of alcohol.
Waist circumference in relation to Alcohol: Copenhagen City Heart Study ES Vadstrup et al
Body mass index at baseline was included as confounder, since waist circumference and body mass index are strongly correlated. Waist circumference estimates were also adjusted for body mass index after 10 y at the third examination, leaving the outcome to be waist circumference-adjusted for body mass index, which has been suggested to be a strong risk factor for all-cause mortality. 22 When using body mass index at both baseline and after 10 y in the final model, the outcome is the isolated high waist circumference, independent of the body mass index and changes induced in body mass index by alcohol. Associations between the history of alcohol intake and the later waist circumference may be interpreted as causal if we assume that the waist circumference does not in itself influence the drinking habits, that waist circumference and drinking habits do not share common underlying causes, and that there is no confounding of the relationship.
The validity of self-reported alcohol intake may be questioned. However, no other available methods have proven more valid, and consumption reported in questionnaires seems quite valid compared to a thorough dietary interview. 23 If underreporting was equal at all levels, then this would lower the observed odds ratios for having a large waist circumference after 10 y, moving the true threshold of drinking to the right. If the underreporting was unequal and stated that moderate drinkers actually were drinking heavily, the true odds ratios for high waist circumference would be lower at the moderate level of beverage consumption. For wine consumption, however, underreporting would have the opposite consequence. In this study, 5428 subjects who attended the second examination did not attend the third examination, but the distribution of alcohol consumption among these subjects was similar to the distribution of alcohol in the present study.
Consumers of different alcoholic drinks may differ in other aspects of their life-style and thereby have different odds of developing a large waist circumference. Subjects consuming large amounts of any kind of alcohol were more likely to be heavy smokers than subjects drinking smaller amounts. However, subjects drinking a large amount of wine were less likely to be heavy smokers than subjects drinking a large amount of beers or spirits. Heavy smokers had greater waist circumference than less smoking subjects and nonsmokers. Furthermore, subjects drinking a large amount of wine were more physically active, had higher education and had higher income than subjects drinking the same amount of beers and spirits. Therefore, these factors were carefully controlled for in all analyses. A relation has been found between wine consumption and 'healthy' diet, 24 but no data on dietary habits have been obtained in Copenhagen City Heart Study. The apparent beneficial effect of wine on high waist circumference would diminish, if diet adjustment was feasible.
In summary, this population-based study shows a dosedependent positive association between alcohol consumption in general and having a large waist circumference in both men and women. The same dose-dependent relation was found for beer and spirits consumption. On the contrary, wine consumption was negatively associated with subsequent high waist circumference. Elucidation of the biological mechanisms behind the effects of alcohol and different types of alcohol on high waist circumference needs further research.
